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The four D-558 pilots with a model of the D-558-2 at NASA's Dryden Flight Research Center on
February 4, 1998. From the viewer’s left to right: Scott Crossfield, Stan Butchart, Bob
Champine, and John Griffith. (NASA photo EC98-44406-2 by Tony Landis).



Foreword

In the long and proud history of flight research at what is now called the NASA
Dryden Flight Research Center, the D-558 project holds a specia place as being one
of the earliest and most productive flight research efforts conducted here. Datafrom
the D-558 and the early X-planes enabled researchers at what became NASA’s
Langley Research Center to correlate and correct test results from wind tunnels with
actual flight values. Then, the combined results of flight and wind-tunnel testing
enabled the U.S. aeronautical community to solve many of the problems that occur in
the transonic speed range (about 0.8 to 1.2 times the speed of sound), such as pitch-
up, buffeting, and other instabilities. This enabled reliable and routine flight of such
aircraft as the century series of fighters (F-100, F-102, F-104, etc.) aswell as all
commercial transport aircraft from the mid-1950s to the present.

At the symposia honoring the 50th anniversary of the D-558-1 Skyrocket’ s first
flight in February 1948, four D-558 pilots — Stanley P. Butchart, Robert A.
Champine, A. Scott Crossfield, and John Griffith — plus Air Force Historian Richard
Hallion offered insightful comments and meaningful anecdotes that deserved awider
audience than the few hundred people who attended. To make their recollections and
related documents available to such an audience, NASA is publishing this volume. |
am sure it will find a ready reception among the large group of people interested in
the history of aviation.

Kevin L. Petersen
Director, Dryden Flight Research Center
Frebruary 1, 1999



I ntroduction

The Douglas D-558-1 Skystreak and D-558-2 Skyrocket were, with the Bell XS-1,
the earliest transonic research aircraft built in this country to gather data so the
aviation community could understand what was happening when aircraft approached
the speed of sound (roughly 741 miles per hour at sealevel indry air at 32 degrees
Fahrenheit). Inthe early 1940s, fighter (actually, in the terms of the time, pursuit)
aircraft like the P-38 Lightning were approaching these speedsin dives and either
could not get out of the dives before hitting the ground or were breaking apart from
the effects of compressibility—increased density and disturbed airflow as the speed
approached that of sound and created shock waves.

At thistime, aerodynamicists lacked accurate wind-tunnel data for the speed range
from roughly Mach 0.8 to 1.2 (respectively, 0.8 and 1.2 times the speed of sound, so
named in honor of Austrian physicist Ernst Mach, who — already in the second half
of the 19th century — had discussed the speed of a body moving through a gas and
how it related to the speed of sound). To overcome the limited knowledge of what
was happening at these transonic speeds, people in the aeronautics community —
especially the National Advisory Committee for Aeronautics (NACA), the Army Air
Forces (AAF — Air Force after 1947), and the Navy — agreed on the need for a
research airplane with enough structural strength to withstand compressibility effects
in this speed range. The AAF preferred arocket-powered aircraft and funded the
XS-1 (eXperimental Supersonic, later shortened to ssimply X), while the NACA and
Navy preferred a more conservative design and pursued the D-558, with the NACA
also supporting the X-1 research.

Theflight research took place at the Muroc Army Air Field, with participation
from aNACA contingent under Walter C. Williams that became the core of the later
NASA Dryden Flight Research Center. While the D-558-1 with its jet engine was
slower and less glamorous than the rocket-powered, air-launched XS-1, it flew for
longer durations and thus gathered alot of data more easily than its Bell counterpart.
The D-558-2 was varioudly configured with jet and rocket engines, conventional
takeoffs and air launchings. But the rocket-powered D-558-2 number 2 became the
first aircraft to reach Mach 2.

The number 1 Skyrocket first flew on February 4, 1948. Onthe 50th anniver-
sary of that date, the Dryden Flight Research Center held a symposium in honor of
the event. It wasintroduced by current Dryden research pilot Edward T. Schneider
and featured four of the original research pilots — Stanley P. Butchart, Robert A.
Champine, A. Scott Crossfield, and John Griffith — talking about their experiences
with the D-558 and its launch aircraft, the P2B-1S (Navy version of the B-29). In
addition, Air Force historian Richard P. Hallion spoke about the Skystreak and the
Skyrocket aircraft.

The previous night, the Center also held a symposium with a different format.
Instead of each participant making aformal presentation, they all sat in a semicircle
on stage and held a round-robin discussion, also with Ed Schneider as moderator.
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Because al of the participants had valuable and interesting comments to make, it
seemed imperative to preserve and print them so that those not privileged to attend
the ceremonies could benefit from their recollections.

Naturally, there was a good bit of overlap in the information presented and stories
told at the two sessions, so it would have been redundant to provide transcripts of
both symposia. What | have chosen to do instead is to take as a basis the formal
presentations made on the actual anniversary day and to integrate into them com-
ments and anecdotes from the night before that were not included in the daytime
session. Obvioudly, this violates the verbatim transcripts not only through the
juxtaposition of related materials from two separate sessions, but also because | had
to use my own words to create the appropriate transitions from one sentence or
paragraph to another in the now-combined document. Despite such violation to the
verbatim transcripts, | believe that the resultant narrative is true to the spirit of both
sessions.

To ensure this, | have circulated the draft of this publication to the participants for
their correction. | have also added footnotes to explain (or in a couple of instances,
correct) comments made verbally from memory in front of an audience. The
participants have contributed to the footnotes in a number of instances. In addition, |
have appended historical documents from the National Archives about the D-558
program that add to the materials presented by the participants in the symposia.
These are purposely scanned as documents into the study (rather than retyped) to
give something of the flavor of looking at the documents themselvesin an archive.

| believe the resultant publication adds significantly to the available literature on
the D-558 flight research. It should be of interest to scholars, others interested in the
history of aviation, and especially people working at or retired from the Dryden
Flight Research Center. | would like to thank the participants in the symposia and
Mrs. Gloria Champine for their help in getting their comments ready for publication.
In addition, Tony Landis was very helpful in selecting photographs to illustrate the
D-558 story and generoudly contributed some of these photographs from home to be
scanned into the monograph. He, Peter Merlin, and Ed Schneider were kind enough
to read the draft of this publication and offer corrections before it was sent to the
participants. Besides Tony Landis, other members of the Dryden Photo Lab assisted
in getting photographs assembled for this publication. | would be remiss, however, if
| did not point out that | was not ableto find several of the photographs used in the
two symposia. Given the press of other projects competing for my time, | had to
leave them out of this publication in the interest of getting it ready for printing. The
All-Quality Secretarial Service of Morris Plains, New Jersey, professionally tran-
scribed audio tapes from the two symposia, and Kelley Clark of OAO provided the
tapes through the intermediacy of Lori Losey. Steve Lighthill did an artful job of
laying out the typescript and photos, and Darlene Lister handled the copy editing in
her usual professional way. | greatly appreciate the help all of these people provided.

J. D. Hunley, Historian
NASA Dryden Flight Research Center
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NASA DRYDEN FLIGHT RESEARCH CENTER

SYMPOSIUM ON THE D-558 PROGRAM

INTRODUCTION: Ed Schneider

FIRST SPEAKER: Dr. Dick Hallion

DATE: February 4, 1998

PLACE: Dryden Flight Research Center

SCHNEIDER: Good morning, ladies and gentlemen. My nameis Ed Schneider.
Welcome to our presentation today.

Let me carry you back in time now to 50 years ago today, February 4, 1948.
Here at Muroc, asit was known then, John F. Martin of the Douglas Company
climbed into a D-558 Phase 2 Skyrocket, and lifted it off the ground for its very first
flight. On November 20, 1953, Scott Crossfield flew another Skyrocket to a speed of
Mach 2.005, to become the first man in history to fly faster than Mach 2.

Today isyour chanceto join usin a colloguium, which is going to be a piece of
living history. Our very first speaker is Dr. Dick Hallion. And | would like to take
some time now to introduce him. And from that point on, Dick will take you through
the rest of the program.

Dick Hallion is the Historian for the United States Air Force in Washington,
D.C., and directs its worldwide historical and museum programs. He' s got a tremen-
dous amount of experience in thisarea. Dick hasaPh.D. in aviation history from the
University of Maryland and has been active as an author, and a curator, and a
museum operator for many, many years. He' sworked for the National Air and Space
Museum. He has been the Chief Historian for the Air Force Flight Test Center. He
worked in staff positions for the Aeronautical Systems Division at Wright Patterson
Air Force Base. He was a visiting professor at the Army War College and then came
back for atour of duty with the Secretary of the Air Force. Since 1991, he's been the
Air Force Historian in Washington.

Dick isagreat friend of the DFRC [Dryden Flight Research Center]. He'sa
tremendous historian and communicator. He wrote a substantial portion of his book
Supersonic Flight'—which, by the way, is on sale at the gift shop—at the age of 21
for his college thesis.

Y ou know, one of the things that we're big on here at Dryden is our alliance with
the Air Force Flight Test Center. And it’s been very positive, especially under the
leadership of our Director Ken Szalai, and the leadership of Air Force Genera
Richard Engel. And both organizations take credit for many, many things. Well, you
know, Dick’sgot alot of time doing work for the Air Force. And | think we ought to
be taking credit for him. So, for starters, I’'m going to take credit for him asa NASA
person today.

1 Richard P. Hallion, Supersonic Flight: Breaking the Sound Barrier and Beyond, the Sory of
the Bell X-1 and Douglas D-558 (rev. edn.: London and Washington, DC: Brassey’s, 1997).



| could invest another 20 minutes going through a bio on Dick. If you want to
read all the details about where he was born, where he went to school, and every-
thing that he wrote — including 15 books — you can get that off the Internet. Dick,
in short, is arecognized expert on research aircraft — aswell, on the air war in the
Persian Gulf. He' s quoted frequently in air power magazines and treatises for use of
air power in the present, and use of air power in future conflicts.

Infact, and thisis atrue story, his face has become so familiar that thereis one
executive producer of TV documentaries — | believe she'slocated on the east coast
— who literally begged her staff not to bring in any more scripts with “Hallion”
quoted as the expert. And the line she used was: “Doesn’t anyone else in America
qualify as an expert?” — or words to that effect. So, atrue story. Hereadlly isan
expert.

Some of the books that he' s written — | know people have seen Test Pilots: The
Frontiersmen of Flight? and the very famous On the Frontier: Flight Research at
Dryden, 1946-1981.2 Dick is going to set the context for our forum today. And he
will take you through the rest of the afternoon, introducing our speakers. And now
it'stimeto sit back before lunch and enjoy a piece of living history, “The Skyrocket
D-558 Program — The X-Planes That Weren't.” And we're going to learn why that
is.

Welcome, Dick Hallion. [Audience applause]

HALLION: After an introduction like that, you can only go down. So it’s with some
foreboding that | approach the podium here.

It'sareal pleasure to get back here. I’ ve always enjoyed my personal association
with Dryden. And | think it’s very fitting today that we' re here to commemorate what
was an extraordinarily productive research aircraft program — the D-558 program,
which historically is not necessarily as well appreciated as it should be. The D-558
aircraft were remarkable airplanes. They were intended originally for research in the
transonic regime. And you had then one of the variants, the D-558-2, actually go out
and make the first Mach 2 flight. How that occurred we'll be hearing about in some
detail later from our panelists.

But first, let me discuss the context in which the D-558 program began. If you
take alook at the history of aviation, you see that in mid-century we had two great
revolutions. One of those was the turbojet revolution, which promised the ability to
fly beyond 500 miles an hour. But at the very same time we had this promise, we had
some very acute problems. We had some deficitsin our aerodynamic knowledge,
caused largely because of deficienciesin the state of wind-tunnel development and
wind-tunnel testing. And so the second great revolution that comes along then is the
flight research revolution, which basically is the reason why we have the whole
transonic and supersonic flight breakthrough coming out of that.

Thisrevolution hasits origins as early as the 1920s really, when people start
studying the phenomena of the airflow changes around propellers. And then it gets
applied to fixed-wing aircraft in the 1930s. Because by the mid-1930s, we were
starting to see accidents caused to experimental high-performance fighters. The first
one which seems to have experienced this was the Messerschmitt Bf 109 in 1937,

2 (rev. ed.; Washington, DC: Smithsonian Institution Press, 1988).
8 (Washington, DC: NASA SP-4303, 1984).



which had an accident due to so-called compressibility effects.*

And then of coursein this country very quickly we see this with the P-38,
starting in 1941. And there’ s atremendous accel eration of interest with World War 11
to try to close this transonic gap — this gap between Mach .75 and roughly Mach
1.2 —to find out what’ s taking place here. And athough there were many different
shortcut research methods devel oped, and although there was a tremendous stimulus
for wind-tunnel research here, the real solution that people approached — largely
within the National Advisory Committee for Aeronautics (NACA), and then within
both the United States Army Air Forces and the United States Navy — wasthe idea
to devel op transonic and supersonic research airplanes. And out of that comes both
the Army Air Force' s program, which leads to the Bell XS-1, and then a Navy-
sponsored program — the Douglas D-558.

Against this background, we have, early on, some tremendous national security
needs. We're going from the World War 1 time period to a cold war time period. We
recognize that there' s a tremendous challenge to this country in terms of technologi-
cal development, because we' re locked head-to-head with the Soviet Union. And
that’ s obviously going to be avery long confrontation. So there' s avery strong desire
and avery strong need here to master thiswhole field. And it's these aircraft that
really contribute in avery great way to doing that.

Our first subject isthe D-558-1 Skystreak. How did this program come about?
There' s atremendous number of similarities in the way that the D-558 program as a
whole came about, and the way the X-1 program came about. Both of them grew out
of aneed for atransonic research airplane. The National Advisory Committee for
Aeronautics was very keen on devel oping some sort of aircraft, vaguely determined
and relatively unspecified in terms of specific details, that could undertake transonic
and low supersonic flight testing, and thereby address some of the problems that
existed in the mid-1940s with the absence of available wind-tunnel technology to do
reliable transonic testing.

There were two schools of thought. One of these favored a rocket-propelled
airplane. That view was generally expressed by the Army Air Forces. And that
climate of thinking resulted in the Bell XS-1. And the other school of thought
favored higher-duration turbojet-powered aircraft. That was very much morein line
with thinking expressed by NACA engineers, such as the legendary John Stack of
Langley Laboratory. And out of this thinking came the D-558 program.

The two programs complemented each other extremely well. The XS-1 could
reach high Mach numbers relatively quickly, of course, but had very little duration.
The D-558 program could loiter, if you will, in the transonic regime, and collect a
tremendous amount of data. What's very interesting in both cases is that there were
key individuals in the services who played a major role in getting these programs
going. For the Army Air Forces, Major EzraKotcher at Wright Field acted asthe
stimulus within the Army Air Forces to push this proposal. Within the United States
Marine Corps, working for the Navy Bureau of Aeronautics, Lieutenant Abraham
Hyatt drew up a specification for atransonic research airplanein late 1944.

And then also reflecting what happened in the X-1 program, you now had a
requirement for akey industrial figure to become aware of what was going on, and to
express corporate interest in developing such an aircraft. Well, in the case of the X-1,

4 Increased density, a sharp risein drag, and disturbed airflow at speeds approaching that of
sound (Mach 1).



it was when Robert Woods, a Bell engineer, visited Wright Field in December of
1944, met with his old buddy Ezra Kotcher — and out of that came the X-1 program.
And in the case of the D-558, it was an equivalent visit by a Douglas engineer named
L. Eugene Root, who visited a buddy of his at the Bureau of Aeronautics named
Commander Emerson Conlon — and with Conlon, became aware of the Hyatt
specification. And as Root later said, he “grabbed it, and ran with it,”® and took it
back to Douglas.

Now as those planes came along in early 1945, both committed to being
straight-wing designs — different in configuration, but, nevertheless, straight-wing
airplanes. There was agreat deal of rising interest in the swept wing which, in this
country, had been developed by Robert Jones at Langley, based on some work in
industry that he had picked up on and elaborated from. And then, when we had the
discovery in the rubble of Nazi Germany, of the Germans’ tremendous interest in
swept wings — which dated actually to the 1930s — that accel erated this kind of
interest.

R. G. Smith watercolor showing cutaway view of the D-558-1 Skystreak (photograph provided by
Tony Landis and reprinted with the permission of Boeing, of which the former Douglas Aircraft
Corporation is now a part).

Both Bell and Douglas looked at swept-wing derivatives of their airplanes. In
the case of Bell, they tried to put a swept wing in the X-1, decided it wouldn’t work,
and launched the X-2 program. In the case of Douglas, the firm simply had a dightly
better situation. Its contract was for six airplanes. And the last three of those air-
planes would have had differing wing configurations, in terms of thickness/chord
ratio and aspect ratio.? And Douglas and the Navy got together and basically decided
to take those last three airplanes and make them overtly swept-wing. And although
you had this D-558 designation, in terms of actual design continuity between them,

5 Quoted in Hallion, Supersonic Flight, p. 64, from aletter and recording Root sent to Hallion.
& The chord is the distance between the leading and trailing edges of an airfail (thewing, in
this case). Aspect ratio relates the span (distance from root to tip) of an airfoil to itsarea. A
wing with high aspect ratio is long and slender; one with low aspect ratio is short and stubby.



The D-558-1 Skystreak under construction (photograph provided by Tony Landis).

they were really very different airplanes, asyou can tell simply by looking at them.
But the comparison would be the X-1 and the X-2 as basically representing that same
philosophy for the Air Force-sponsored projects, and then of course the Navy-
sponsored D-558-1 and -2 separately.”

So Douglas very quickly undertook design of atransonic research airplane, the
idea being here to develop an aircraft that would use the sky as the laboratory. And
one of the project engineers, A.M.O. Smith — project aerodynamicist — said their

" The three D-558-1 Skystreaks bore Bureau Numbers 37970 to 37972 and NACA “tail”
numbers 140 to 142; the respective bureau and tail numbers for the three D-558-2 Skyrockets
were 37973 to 37975 and 143 to 145.



The cockpit of the D-558-1 showing how it opened. (NASA photo E49-86).

The D-558-1 in flight in the late summer of 1947 (photo provided by Tony Landis).
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task was basically to build the smallest airplane we could, wrapped around the
largest airplane engine they could find. The painting by R.G. Smith [page 4], who
was also amember of the Douglas design team and is now very well known as an
aviation artist, really indicates to a very great degree what was meant by that.

Y ou see here an aircraft that isindeed very tiny. It was quite cramped inside for
the pilot. And it was literally packed with instrumentation. Y ou had awet wing to
carry the fuel of the aircraft. Y ou had specially designed, very thin wheels to retract
within the wing. Y ou could not use a conventional wheel arrangement. The wheels
and tires had to be specially developed. And then, of course, you had the dominating
feature, if you will — this very highly refined body-of-revolution type shape that
indeed earned the airplane the nickname “flying test tube” — wrapped around this
TG-180 engine.



The airplane was made primarily of aluminum, in terms of the wings and tail
surfaces. The fuselage was constructed of auminum framing, covered with magne-
sium sheeting. It carried 634 pounds of instruments, and had 400 pressure orifices
buried within the wing — which was no mean feat in terms of building the wing at
that time. The wing section was a NACA 65 section airfail, 10 percent
thickness:chord ratio. Thistracked very much later with the number two XS-1 that
was flown by the NACA, and which formed the basis for the X-1E, which is out
here, of course, and which had itself a 10 percent thickness:chord ratio wing.®

The D-558 contract was an interesting contract. It specified six airplanes, for a
total program price of $6,888,444.80. | don't know where they got the eighty cents.
Now when you trandate that into today’ s dollars, that’ s sixty-two million dollars
which, for six research airplanes, | think we' d all agreeis pretty much a bargain-
basement price.

There was an intention to take the last three aircraft and to experiment with
wings of varying aspect ratio and varying thickness:chord ratios. Ultimately, of
course, those three aircraft were not built. Instead, that portion of the contract was set
aside for the D-558-2. The original aircraft performance specification [for the D-558-
1] was Mach .82 at sealevel, corresponding to 625 miles per hour. And there was an
18 G ultimate load factor stipulated for the aircraft, which was the same |oad factor
stipulated for the X-1.

There were two mock-up conferences on the airplane in July 1945 and August
1945. In August 1945 the program branched. And we got the substitution for the last
three aircraft of anew swept-wing vehicle, the D-558-2. | will defer discussing the
D-558-2 until this afternoon.

Thefirst flight of the D-558-1 was on 14 April 1947 by Douglas test pilot Gene
May. | have a photo here [page 5] that shows the aircraft under construction. | call
your attention to the monocoque construction,® how the airplane came together. The
number one airplane was the one that first flew in 1947. The number two airplane,
which was the first NACA aircraft, was unfortunately the one in which Howard
“Tick” Lilly died.

The number one airplane about the time of itsfirst flight was a scarlet aircraft,
nicknamed “the crimson test tube.” Y ou see how the cockpit opened on the aircraft.

Now the program moved very, very rapidly. In August 1947, flying both the
number one and the number two airplanes, we had two official world airspeed
records set in this aircraft. These broke a British record of 615 miles per hour that
had been set earlier by Group Captain E.M. Donaldson in a Meteor.X° The D-558-1
set initially arecord of 640.663 miles per hour, flown by Commander Turner
Caldwell. These were low atitude record runs, and then on 25 August 1947 — five
days later — Marine Major Marion Carl reached 650.796 miles per hour.

Just asin June 1947 you had had a magjor research program outline devel oped
for the X-1, split between the Army Air Forces and the NACA, in November 1947

8 That is, the XS-1 number two had a ten percent thickness:chord ratio. The X-1E had afour
percent thickness:chord ratio for its wings.

° A type of construction in which most of the stresses are carried by the covering or skin.

10 Actually, as Hallion relates in Supersonic Flight, p. 141, there had been an intermediate
record of 623.738 mph set by Army Air Forces Col. Albert Boyd in aP-80 on 19 June 1947.



Pilots Eugene F. May and Howard C. “Tick” Lilly (viewer's left to right) beside Douglas D-558-1
Skystreak number two, the one in which Lilly died. In this photograph, the Skystreak is painted
bright red. (NASA photo E95-43116-8).

you had the same research directive come forth. Basically, Douglas would keep the
number one airplane for its own purposes, and the NACA would get the number two
and the number three airplanes.

In the latter part of the month, at the end of November 1947, we had the first
NACA flight of the number two D-558-1 flown by Howard Lilly. Winter rains —
which, of course, are no surprise given what we' ve had recently — winter rains
closed the lakebed, and the plane did not resume flying until the following spring.
Unfortunately on its nineteenth flight, on 3 May 1948, Lilly was killed when the
compressor section of the TG-180 engine — the J35 engine'! — disintegrated,
severing flight control lines. The plane rolled inverted right after takeoff, and dove
into the ground.

This caused Douglas to make extensive mods on the airplane, and indeed greatly
influenced the subsequent history of the research aircraft program for the NACA in
general — inthat it put agreat deal of emphasis upon ensuring that these research
airplanes had such things as armoring of flight control systems that were designed to
have significantly better safety characteristics than had been thought possible at that
time. At the time of hisdeath, Lilly wasthe first NACA pilot who had been killed in
the line of duty.

In April 1949 we had the program resume, using the number three D-558-1. It
was flown by Bob Champine, whom we' re fortunate to have with us today. We can
take alook at a couple of photos here. We have the classic red Skystreak shown here
with Gene May. And despite that red color, it turned out that it was actually quite
invisible at high altitudes. So there was a desire to repaint the airplane white to
facilitate optical tracking. And, indeed, white became the standard color for the
NACA research airplane fleet. Some portions — the flight control surfaces of the D-
558-1 — were retained in red, the reason being that the flight control surfaces were
extremely intolerant to changesin their overall weight and dynamic characteristics
from having paint added to them. And they had to be left in red, lest there be the
possibility for flight control surface flutter problems.

1 The Allison J35-A-11 had originally been devel oped by Genera Electric as the TG-180.



This head-on shot shows how you had abifurcation in the inlet. If you take a
look at theinlet, obviously it splits then and goes around the pilot. So that even
though you have what looks like a nice roomy circle of cross-section fuselage — the
actual little capsule, if you will, that the pilot fitsinisreally quite narrow.

Head-on view of the D-558-1 showing the bifurcation in the engine inlet, forcing the intake air to
go on either side of the pilot. (NASA photo E49-89).

The airplane had some interesting construction approaches for itstime. It had
aluminum framing for the fuselage, covered with magnesium sheeting. And then it
had aluminum wing and tail surfaces. And even more interestingly, you had those
400 orifices cut into that wing for pressure distribution measurements. When you
think about the standards of construction for that airplane at the time, it wasreally
kind of atribute to Ed Heinemann’s design team'? that it was able to do that as well
asitdid. It was really extraordinary.

To increase mission endurance, the plane was flown with tip tanks. And we have
here just sort of “the sweet nostalgia of the never-to-be-forgotten moment.” We have
anice little photograph here [page 10] showing the airplanein its classic NACA
markings in white — the number three D-558-1 cruising right along on one of its
transonic research missions.

What did the test flights show on this program? Basically, the D-558-1 configu-
ration exhibited a marked increase in wheel force for trim, as Mach number went
from about 0.82 to 0.87. It went from about five pounds push to about 30 pounds
push [depending upon the incidence of the movable horizontal stabilizer™®]. Lateral

2 Edward H. Heinemann was the chief engineer with the Douglas Aircraft Corporation who
headed the design team for the D-558-1 and D-558-2. See Hallion, Supersonic Flight, esp. pp.
63-5, 167.

13 See Melvin Sadoff, William S. Roden, and John M. Eggleston, Flight Investigation of the
Longitudinal Sability and Control Characteristics of the Douglas D-558-1 Airplane
(BUAERO No. 37972) at Mach Numbers up to 0.89 (Washington, D.C.: NACA Research
Memorandum L51D18, 1951), esp. pp. 1, 6-7, 18. Thanks to Ed Saltzman for calling this
source to my attention and interpreting it.



stability deteriorated over the same speed range, and there was pronounced wing
dropping experience with this aircraft above Mach 0.84.

The NACA was very interested in this and, as aresult, undertook many studies
here of lateral, longitudinal, and dynamic stability characteristics of the aircraft. One
of the most distinctive things added to the airplane was a series of vortex generators,
for which Boeing should forever give thanks, employed to stabilize air flow. They
worked very well. They were adapted subsequently for awhole range of aircraft —
the B-47, the B-52 which had great rows of them, the KC-135, on to the 707 family,
up to the 757, 767, and 777 of the present day and, for that matter, the Douglas A-4
aswell. And this became sort of a hallmark, as aquick fix of the early supersonic and
transonic era.

There was an extensive longitudinal stability research program flown with the
D-558-1 number three airplanein 1950 and 1951. And then that was followed in

D-558-1 in flight on one of its transonic research missions. (NASA photo E-713).

1952 by an equally extensive lateral stability investigation. The longitudinal stability
program consisted primarily of abrupt pull-ups. The lateral stability program
consisted of taking data during abrupt rolls. And then there was a brief dynamic
stability program undertaken in the program in 1953, consisting primarily of elevator
and rudder pulses before the aircraft was relegated basically to use as atest pilot
trainer. It finally madeitslast flight on 10 June 1953. And it was returned to the
United States Navy in dead storage in 1954.

It's very interesting to take alook at the D-558-1, as distinct from the -2
airplane, because it was playing Avis, if you will, to the X-1's Hertz. But at the same
time, this airplane — as Scott Crossfield and others have pointed out — was abso-
lutely critical to giving us a thorough understanding of what was happening in the
transonic regime. It's also very interesting to me, taking alook at both programs —
the -1 and the -2 — to compare the tremendous success we had with these relatively
complex aircraft and to contrast that with what was happening in Europe at the same
time where you had, indeed, awhole series of false starts, dashed hopes, dashed
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expectations of whole families of research airplanes that were being developed in
Great Britain, in France, and el sewhere — where there were tremendous national
resources and industrial resources going into these. And the programs were not going
aong at anywhere near the pace that they should.

We'll certainly hear alot more from our guests this afternoon when we resume
the conference. But | would hold that one of the key things in making the American
program a success was not merely the design of the airplanes — because the air-
planes were very well thought out and extremely well crafted — which, as|’ve said,
isatremendous tribute to the design team headed by Ed Heinemann at Douglas, but |
think also atremendous tribute to the NACA here at Muroc, which was then the
High-Speed Flight Research Station headed by Walt Williams.

And Walt Williams, of course, is aname that’s not unfamiliar, certainly, to
people in this audience.* But it's well worth mentioning, again, that in my view,
Walt Williams was probably the finest flight test researcher and research director that
this country produced. His impact and hisimprint was on every major aerospace
revolution, literally going from the transonic era of the late 1940s all the way through
the landing on the moon in 1969 and beyond.

We have anumber of people who will be receiving due mention and deserved
mention today, and | would think that it's very fitting that the first of those that we
single out for specia mention isthe late Walter C. Williams who, of course, loved
this Center with the same intensity and passion that he brought to the love of aviation
in general.

| would aso like to point out that the very fine audiovisual materials which
you'll be seeing today have been pulled together, particularly in the case of the
photos that I’'m using, from the photo archives here at Dryden, which isaunique
historical resource. And we have Tony Landis to thank for that. And | appreciate
Tony’s doing that very much.

And | would also like to mention that in addition to the very distinguished guests
we have here today who flew the aircraft and who maintained the aircraft, we have a
member, indeed, from the Douglas design team — who worked on this aircraft —
Charlie Delavan. And Charlie, if you' d stand up — I'd like you to take a bow.
Because [audience applause] without people like Charlie, we certainly would not be
able to have this symposium we' re having today.

[BREAK FOR LUNCH]

HALLION: We now come, | think, to the real meat of the program. We're going to
have presentations by our very distinguished panel of guests. First, two presentations
on the D-558-1. Then we'll have a discussion on the D-558-2, followed by some
presentations on the D-558-2. So what I'd like to do at this point isto have our
distinguished guests please stand up. Bob Champine and his lovely wife, Gloria;
John Griffith and his wife, Maxine; Stan Butchart; and Scott Crossfield. We're

14 Williams was the first head of what later became the Dryden Flight Research Center, where
he was instrumental in the successes of the early research aircraft and helped prepare the X-15
program before leaving the High-Speed Flight Station in September 1959 to become Associate
Director of NASA’s newly formed Space Task Group created to carry out Project Mercury.
After serving with the Aerospace Corp. on the Gemini and Titan |11 vehicles, he joined NASA
Headquarters as Chief Engineer.
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honored, indeed, gentlemen that you're here today. | also want to recognize in the
audience Donna Termeer, who's here from Assemblyman George Runner’ s office.
Donna, welcome to the session. We're delighted to have you with us today.

If wetake alook at visual images of the D-558-1 and D-558-2 [scattered
throughout this volume], we see how evocative these aircraft were, and you think
that there’ s arevolution taking place in aviation at thistime. We're seeing aradical
transformation literally, from the era of propeller-driven airplane to the era of the
supersonic jet aircraft. They had a certain beauty, | think, that was all their own, and
frankly, the shapes were extremely evocative. | think when you look at something
like an F-86 or the D-558-2, that we haven't developed any aircraft since that time
that really had that same degree of elegance. There was something there that | think

Walt Williams, Scott Crossfield, and Joe Vensel, Flight Operations Manager, (viewer’s left to
right) beside the D-558-2 on November 20, 1953, the day Crossfield exceeded Mach 2. (NASA
photo E-1097).

resonates very deeply with us.

As| said earlier, we're very honored to have the individuals who actually flew
these aircraft with us today. We'll start first with recognition of two individuals who
played amajor role in the D-558 program — Bob Champine and John Griffith.
These individuals — both of them — had very distinguished flying careers.

Bob Champine graduated from the University of Minnesotain 1943 with a
bachelor’ s degree in aeronautical engineering, went through the civilian pilot training
program, and became a haval aviator. After leaving active duty in 1947, he joined the
staff of the NACA’s Langley Memorial Aeronautical Laboratory at Hampton,
Virginia. He did alot of work there on an airplane that’s arelative rarity — people

12



don't think of it too much — the Bell L-39, which was a swept-wing variant of the P-
63 Kingcobra. Despite that “39,” it had no relationship to the P-39. It was avery
important low-speed, swept-wing test bed, for a number of swept-wing aircraft,
including the F-86, the D-558-2, and the Bell X-2. He was transferred out to
Edwardsin October 1948, did early research flying on both the X-1 and the D-558
program, went back to Langley, did atremendous amount of work at Langley
through the years on awhole range of aircraft, from high performance airplanes
through vertical take-off and landing aircraft. Bob became Langley’s Senior Test
Pilot and retired in January 1979, two days after making his last research flight at
NASA’s Wallopsfacility in a CH-47 helicopter. A 31-year career. An utterly distin-
guished gentleman.

The other individual who's heretoday is equally distinguished — John Griffith.
John undertook some studies at Thornton Township Junior Collegein Harvey,
Illinois, graduating as valedictorian in pre-engineering. He went into the Army Air
Forcesin November 1941, served in the war in the South Pecific, and flew 189
missions in New Guinea in some very tough times, under some very daunting
conditions. He was awarded two Distinguished Flying Crosses and four air medals
for service in New Guinea. He left the service in October 1946, went back to study
aeronautical engineering at Purdue University, and graduated with honors in aero-
nautical engineering from that university. He then joined the NACA at Cleveland,
where he did some very interesting work in early ramjet testing. That was one of
Cleveland' s big projects in those days. Someicing research work — something else
they were very well known for.® Then, of course, he came out here in August of
1949 and flew in the early X-series aircraft — the X-1, the X-4, the D-558 program.
He left the NACA in 1950, joined Chance Vought, and worked there for a period of
time doing experimental flight tests on the F7U Cutlass, had a career with United
Airlines, with Westinghouse as the Chief Engineering Test Pilot, and a six-year
career with the FAA doing alot of work assisting in the attempt to develop the first
supersonic transport. He had a second tour of duty as aflight instructor with United
and flew the line with them for about seven years. We're very fortunate to have John
here as well .26

Theseindividuals — and certainly when we talk about Stan and Scott |ater —
you'll seethat these were very tough individuals. They were tough individuals
dealing with very difficult times. They did very well, and have continued to do so.

To give you an example, Bob here — hale and hearty as he looks— Bob is
recovering from a stroke — fortunately mild. He had it two months ago. He' smade a
remarkable comeback. As aresult, Bob doesn't feel terribly comfortable at times
speaking. And so, Bab, I'd like you to stand and once again be recognized by our
audience. He' s left avery fine written memoir that he prepared for this conference.
But he's discussed this with John, and John will be handling Bob's portion of the
discussion here on the D-558.

So at this point, Bob, I'd like you and John to stand up. And, John, you can

> The NACA'’slaboratory in Cleveland, established in 1941 and renamed in honor of George
W. Lewis, NACA Director of Aeronautical Research from 1924 to 1947, in 1948, participated
substantially in the NACA'’ s studies of aircraft icing in this period.

16 These introductions include elements from Ed Schneider’ s introductions the previous night
and additions by John Griffith.
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come forward to the podium. [Audience applause]

GRIFFITH: Thisisapaper that Bob and his wife have prepared. And | will read it
as written here:

Good afternoon. I'm happy to be with you today. | thank Mr. Kenneth Szalai,
Center Director, and Mr. Cam Martin of External Affairsfor inviting usto Dryden,
particularly to be with my fellow aviators John Griffith, Scott Crossfield, Stan
Butchart, Ed Schneider, and our good friend Dr. Richard Hallion, without whose
dedicated research effort and pilot interviews the detailed history of supersonic flight
would be forever lost. The complete records just do not exist today.

I’m Bob Champine — akid who grew up in Minneapolis, Minnesota, with my
eyesto the heaven and my heart with wings. | used to ride my bicycle over to World
Chamberlin Airport in Minneapolis to clean out hangars, wash airplanes, and do
whatever | could to be offered just one ride— aride in an airplane. My first ride was
inaFleet. | was about 12, and didn’t tell my mother because she might not let me go
to the airport again. | started flying a Piper Cub in the summer of 1939 and soloed in
July 1940. | had to do alot of sweeping, washing, and polishing airplanes to get that
far. Between my building model airplanes, and competing in model meets —
winning alot of the time — and time | spent at the airport, | didn’'t have alot of time
for my school studies. | was just an average student.

When | graduated from Roosevelt High School in 1939, | wanted to learn to fly.
But my mother said, “If you like airplanes so much, you need to learn to design
them. | want you to go to college and study to be an aeronautical engineer.” Thiswas
difficult because of my less-than-exceptional grades. After several conferences with
my high school principal and also with the admissions office, | wasfinally accepted
at the University of Minnesotain the Institute of Technology’s Aeronautical Engi-
neering Program, backed both by my mom and stepfather, Clifford Champine, who
agreed to pay my tuition. | started college that fall. | realy had to buckle down and
study, as studying did not come easy to me. It was difficult. But my drive to become
an aeronautical engineer made the difference.

While | wasin college, World War | started, and | began primary flight training
under the Naval Civilian Pilot Training Program, and upon graduation in 1943, was
commissioned an ensign in the U.S. Navy. Since | wanted to be anaval aviator, | had
to give up my commission and enroll in the Naval Cadet Program at Pensacola. At
the end of my training, | was commissioned a naval aviator, and my mother pinned
my wings on mein Pensacola. That was a proud day.

In 1947 when my Navy term was up, | was stationed at the Naval Air Basein
Norfolk, Virginia, flying [F4U] Corsairs. Through my studies at the University of
Minnesota, | learned of the outstanding reputation of the National Advisory Commit-
tee for Aeronautics, which was just across the river from Norfolk at Hampton,
Virginia. With the approval of my superior in Norfolk, | flew my Corsair over to
NACA, landed in front of the hangar, and rolled up to the large office building
attached to the hangar. | swung the tail around smartly, folded up the Corsair’'s
wings, climbed out, and asked, “Who's the boss here? | would like to talk to him.”
Of course, everyone there was looking out their windows watching me, and | had no
trouble locating the head of the Division, Mr. Mel Gough, and head of the pilots, Mr.
Herbert Hoover. | told them | was coming out of the Navy shortly, and would like to
cometo work for NACA Langley Laboratory as atest pilot. | wastold tofill out the
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government forms for employment and they would look at them. The requirement
for atest pilot was 1,000 hours of single-engine and transport flying, and | had only a
little over 900.

Well, they offered me ajob as an aeronautical engineer scientist, and | wasn’t
too happy about that. | wanted to be atest pilot, and not a scientist behind a desk. |
told them that if they could not hire me as a research pilot, then | was going to use
my G.l. Bill and go to helicopter school at Sikorsky in Connecticut. After discussions
with Mr. Hoover, Mr. Gough said, “ Aw, hell, come on with us as aresearch pilot and
we'll teach you to fly helicopters here at Langley.” | accepted.

After receiving my discharge from the Navy, | remained with the Naval Reserve.
| found aroom in ahome in Hampton, Virginia, and began working at NACA in
December of 1947. Was | thrilled! Langley had many airplanes and helicopters, and |
was just itching to get my hands on the controls. Not long after | was hired, Mr.

Bob Champine and Herb Hoover beside the XS-1. (NASA photo E49-5.

Herbert Hoover, my mentor and dear friend, gave me a manual and told me to take it
home; we were flying the B-29 in the morning. Thisisthe way alot of my training
went: read the manual, and then we would go out flying.

| wasjust thrilled with the opportunity | had and didn’t realize that my salary
was only about $50.00 a week. | had saved $5,000 in the Navy and bought an old
Ford car, and | was just the happiest soul on earth. Everyone in the Pilot’s Office
knew about a super-secret project that was going on in the California desert at the
time. But | was happy where | was with just the best job in the world. | was atest
pilot with NACA. It doesn’t come any better than that.

In Cdifornia, the XS-1 aerodynamic research program was continuing. Chuck
Y eager broke the sound barrier in the Air Force XS-1 6062 October 14, 1947, and
Herb Hoover, the second man, broke the sound barrier on March 10, 1948, in the
NACA XS-1 6063.” Howard Lilly from the NACA Cleveland Laboratory and

1 The full designations for these two aircraft were 46-062 and 46-063, but they bore the
shortened designations 6062 and 6063 on their tails.
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Hoover continued with the research program, and on March 31, 1948, Lilly exceeded
Mach 1 on histhird XS-1 flight. In May 1948 he was killed on his nineteenth flight
of the D-558-1 number two.

Hoover needed another pilot at Muroc, and quietly approached me about going
out there. | didn’t know at the time that other pilots had been approached and, for
various reasons, turned the assignment down. | was thrilled to say yes, but | had two
conditions: (1) Let mefly all the planes Langley had before | went to California, and
(2) I would return to my job at Langley. | had aball flying everything in the hangar
at Langley and being under the wing of Herbert Hoover who, behind closed doors at
Langley, gave me critical instruction on the flying qualities of the XS-1 number two,
and on NACA'’ s aerodynamic research program.

When he decided | was ready, | left Langley and drove my old Ford out to
Muroc in October 1948. Hoover remained at Muroc to train me, and on November 1,
1948, he turned the X-1 over to me. | made my first flight on November 23rd. |
became the sixth [pilot in the XS-1 and D-558 series] to reach Mach 1 December 2,
1948, on my fourth flight.

This table shows research flights that John Griffith and | flew in 1948 through
1950:

Bob Champine John Griffith
Aircraft NACA Research Pilot NACA Research Pilot
X-1 13 flights 9 flights
X-4 Oflights 3flights
D-558-1 9 flights 16 flights
D-558-2 12 flights 8 flights

During my X-1 flights, there were a couple of incidents | would like to share
with you. After settling in the X-1 beneath the B-29, | experienced aradio failure
prior to launch. Using my knee pad, | wrote anote on aflight card “ secure the drop,”
which, in my Navy lingo, meant stop. The note was passed through the bomb bay to
the Air Force crew on the B-29. They thought everything was secure. They dropped
me! | had to scramble to get the radio working. But | had it fixed and completed the
flight okay.

On ancther flight, the cockpit camera just over my shoulder broke loose during
the flight, and went slamming around inside the cockpit. | began to jerk the wires out
and stash the camera beneath my leg, but not before it cracked the inner windshield.
As| was attempting to land, the windshield frosted over, and | could not see. | put
my thumb on the windshield, and melted a very small spot. | was able to put my eye
closeto it and see well enough to land on the dry lakebed. [Aside by John Griffith:] |
might say that any of you who have seen the X-1 could see that the visibility for
landing was not the best, since they wanted the windscreen to conform to the shape
of a.50 caliber rifle bullet. But sometimesit did frost over, and then the chase plane
would be telling you how high you were, and you hoped that you' d hit the lake at the
right attitude. If you hit the lake with the nose whee first, the X-1 was out of control,
and there were alot of people, including myself, who started bouncing along the lake
as aresult of the nose wheel hitting first and breaking off. Anyway, to get back to
Bob’s story here:
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This photo gives you an aeria view of the base, with Rogers Dry Lakein the
center. When we were here, there was arailroad going across. But we still had seven
miles north and south and five miles east and west. Usually when we were landing
the X-1, we'd shoot for about the one-mile marker, and usually didn’'t missit by very

Aerial view of what was then (1948-49) called Muroc Air Force Base (now Edwards AFB) and
vicinity. In the center, shaped somewhat like an hourglass, is Rogers Dry Lake (sometimes
referred to as Muroc Dry Lake). (Photograph supplied by Bob Champine, available as NASA
photo EC98-44613-1).
much. [Comment by Griffith:] | think there was one day that Bob was alittle low on
the base leg and he said, “Please advise.” And the only advice | could think of was,
“Our Father, who art in heaven.”

Hereisapicture of myself, Chuck Y eager, and Herb Hoover. Thenextisa
picture of Mr. Hoover when he received the Air Force Association Award in 1948 for

Bob Champine, Chuck Yeager, and Herb Hoover (viewer's left to right) standing next to an X-1.
(NASA photo EC98-44613-4, originally supplied by Bob Champine).
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Herb Hoover with his Air Force Association Award in 1948. (NASA photo EC98-44613-7,
originally supplied by Bob Champine).

hisflight as the first civilian and the second man to break the sound barrier. He also
received the Octave Chanute Award that year.

In the next photo, you can see just how small the X-1 was compared to the B-29
drop plane. Another one lets you see how we entered and exited the aircraft. Once
inside, we werein. No thought of escape; we had to land it. Research flights were of
short duration — maybe about 15 minutes of actua flight time. Then days and
sometimes weeks would pass before there was another flight, and | was anxious for
more flight time. | made good use of my Naval Reserve status, and was assigned my
weekend warrior duty at Los Alamitos, California. Since | didn’t want anyone to

18



know my actual job at Muroc, | would take the Muroc C-47 and fly it by myself,
would park about amile away, and walk down the flight line to my assignment as an
ensign in the Naval Reserve. | was ableto get alot of flying time there and had great
fun.

X-1 predominantly flown by NACA pilots next to its B-29 “mothership.” (NASA photo E-9).

Bob Champine exiting the X-1. (NASA photo EC98-44613-2, originally supplied by Bob
Champine).
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The next photograph shows our X-1 (6063), after it was modified for other
research flights, asit stands today — proudly, in front of the Administration Building
here at Dryden.

Original NACA X-1, modified as the X-1E, in front of the Headquarters Building at NASA Dryden.
(NASA photo ECN 12506).

During the X-1 period, NACA took delivery of the D-558-1 number one
Skystreak which was relegated to spares support. NACA test pilot Howard Lilly flew
the D-558-1 Skystreak onits first NACA flight in November 1947, about six months
before he was killed after engine failure on takeoff on May 3, 1948. In 1948, the D-
558-1 Skystreak number three was delivered to NACA, and | made NACA flight one
on April 22, 1949, for pilot familiarization.

The next two photos show the Skystreak on the ground, and then in flight. |
made nine flightsin the D-558-1 Skystreak and 12 flights in the D-558-2 Skyrocket,
making NACA flight one on May 24, 1949. The next photo [page 22] showsthe
Skyrocket on the ground, taking off with aJJATO assist.’®

My thirty-two years as atest pilot for NACA/NASA were wonderful times—
from flying the X-1, to spacecraft rendezvous, and simulated landings on the moon. |
had it all. Thank you. [Audience applause]

GRIFFITH: Waell, to turn to my own experiences, as Dick said, | grew upin
Homewood, Illinois, near Chicago. And Green Three went very close to our house,
which was one of the early air routes that went from Chicago, to Goshen, to Toledo,
to Cleveland, and to New Y ork. Early in the 1930s, | could see Boeing 247s going
over, and later on the DC-3s. Sometimes when | saw the airplane going over, | would
lie downintheyard, and just lay there and look at it. | thought it would really be a

18 JATO isthe acronym for jet-assisted take-off; despite the term “jet,” the device assisting the
take-off is actually asmall, solid-propellant rocket.
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Bob Champine next to the D-558-1. (NASA photo EC98-44613-5, originally supplied by Bob
Champine).

great thing to be up there flying that airplane.

The Depression wasn't too good to me and my family. We lost our home, and |
went to live with my aunt before | finished junior college. But | was valedictorian of
my classin the junior college after two years. At that point, | took my physical, and
was accepted in the Army Air Corps. It aimost turned me down because | had
mal occlusion [of the upper and lower teeth]. | never could figure out how that was
going to affect how | could fly an airplane, but anyway, they could see the war
coming. | think they were taking everybody that was really in physical condition, and
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D-558-1 in flight, still painted its original bright red color. (NASA photo EC98-44613-3, originally
supplied by Bob Champine).
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had the eyesight, and depth perception, and things like that to get in the program.

AsDick said, | went to New Guinea. | wasin the Army Air Corps [and Army
Air Forces] for five years, getting out in 1946. In the spring of 1946, Aviation Week
and some of the other magazines | was reading were talking about the X-1, and the
glide flights they were making in Florida.?® Eventually it got to the point where the
news was out that [Chalmers] “Slick” Goodlin was asking for quite alarge sum of
money to fly supersonically with the airplane.®

D-558-2 taking off with jet assisted take-off (JATO). (NASA photo E49-219).

So | wrote aletter to Bell Aircraft. | said | was an honor student in the third year
of aeronautical engineering at Purdue, had 1,200 [flying] hours, 189 combat mis-
sions, and had done alot of flying with fighters— and that I’ d like to come and fly
the Bell X-1. After | wasflying the X-1 for the NACA, we went to the [variable-
sweep] X-5 mock-up at Bell. | talked to some people who said there were quite a few
individuals who had written in and said that they would liketo fly the X-1. | don’t
know whether they were interested in the money, or whether they just wanted to fly
the airplane. Scott Crossfield said he just wanted to fly the airplane. | think he wrote
aletter, too.

Well anyway, | graduated from Purdue, and people cameto interview usfor a
job. 1n 1948, the average engineer starting salary was about $250.00 a month. |
interviewed with Ed Gough, who was Mel Gough'’s brother, and another engineer

¥ The first glide flights occurred at Pinecastle Field, Fla., before the project moved to Muroc
Army Air Field (later Edwards Air Force Base).

2 n fact, the story was perhaps somewhat exaggerated; Goodlin’s contract arrangements with
Bell were consistent with then-industry practices. See Louis Rotundo, Into the Unknown: The
X-1 Sory (Washington, DC and London: The Smithsonian Institution Press, 1994), pp. 126,
226-230.
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who came down from the [NACA’s] Lewis Lab [in Cleveland], and they accepted
me. They were going to pay me $3,727 ayear. That turned out to be about $140
every two weeks, which we got along with al right. It only cost 27 cents for a T-bone
steak, so the salary was commensurate with what things cost.

| wasin icing research in Cleveland. | don’t think we want to spend alot of time
with that. | do remember we flew the B-24 once with enough ice on it that the
propellers were rubbing the ice on the engine cowlings! The post or the support for
the air speed indicator was underneath the airplane, and the ice was sticking out far
enough on the support that even with the pitot heat on, the ice went around alittle bit
in front of the pitot tube. We [had to fly] the Instrument Landing System using pitch
attitude rather than air speed to get back in at Cleveland.

Well, they had an opening here at Edwards, and | said | wanted to fill it. So |
went to Langley and flew alot of the airplanes that Bob talked about. The L-39 was
thefirst airplane | ever flew in which you could push on the left rudder and the
airplane would roll right, which took alittle bit of getting used to.

Another airplane they had at Langley that was interesting was the [North
American] P-51 [Mustang]. In acompartment on the right wing, they had set up a
balance. There were airfoil models that could be put out into the wind stream. And
when the P-51 was going 0.75 Mach number, the [accelerated] air over the top of the
wing was going Mach 1.2. So they were getting transonic and supersonic lift, drag,
and pitch characteristics of various airfoils with this model on the wing out there.
This gave alittle bit of feeling for what had happened to alot of the Army Air Corps
pilots that were in the P-51s and the P-38s. A fair number got into dives that they
didn’t pull out of. In the P-51, you could be pushing 40 pounds [stick force] at 0.7
Mach number. At Mach 0.72 it was almost neutral. By Mach 0.76 you had 160
pounds force on the stick, and you might or might not be decreasing the angle of the
dive with that 160 pounds. Some pilots went on in the steeper dives and tried to trim
out of it. When the air got alittle denser, and the temperature went up, and the Mach
number dropped off, they had [sufficient] trim in the airplane to pull the wings off.
So there were alot of unknowns that happened in the transonic speed range.

When | was in New Guinea, we had a pilot that was in our [Curtiss] P-40
[Warhawk] sguadron and had an opportunity to get with a[L ockheed] P-38 photo-
reconnai ssance sguadron that was just across the river from where we were. He ate
lunch with us one day and said, “| don’t think this P-38 talk isreally anything
serious.” He said, “I’'m going to go up this afternoon and really dive one.” Well, later
on that afternoon we saw him coming down. From the point where we first saw him
‘til he hit the ground, he went into a steeper dive. | don’'t understand why he didn’t
pull the throttles back. He buried the engines about 30 feet in the ground. So it was
pretty obvious that when you went into the transonic speed range, the center of lift
on the wing moved aft, and that made the nose go down.

| got a P-40 up to about 32,000 feet and came straight down, and | first experi-
enced a stick that felt like it was cast in about two feet of concrete. It just doesn’t
move back until you get alittle denser air, and the drag increases, and the tempera-
ture goes up alittle bit, and the Mach number comes back. If you throttle back, it's
easy enough to pull the airplane out. This experience went on with quite afew people
that flew P-51s and P-38s. L ockheed eventually put a flap underneath the front of the
wing, so that if you got into that kind of trouble, you could open that flap and pull
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out.

But we got to Edwards here and started the Skystreak program. As Dick said, it
was a beautiful airplane and really alot of fun to fly. We were doing a lot of flying
between 0.8 and 1.0 Mach number. Quite afew of the flights that | was on were very
closeto Mach 1. Asamatter of fact, one of Dick’s flight numbers shows me going to
Mach 0.98-1.0. We were measuring the pitch characteristics, and, of course, the
pressure distribution over the wing, and all the stability and control aspects of flying
through Mach 0.80 to 0.99 — which was giving alot of information that was pretty
much needed to keep these airplanes out of trouble when they got going in that speed
range.

So this was a pretty first-hand experience to indicate that there was some reason
that we really needed to get into these transonic research airplanes and determine
what it was about the airplanes that we were flying that would enable them to fly
safely at transonic speed and into supersonic speed.

There are so many things that can happen when you start getting into the
transonic speed range — especially instability of the airflow. The normal lift distri-
bution peaks near the front of the wing. That breaks down and moves aft as local
Mach 1 speeds are reached and that makes the airplane pitch down. And then there
are other characteristics on some of the airplanes that might cause it to pitch up.

One of the flightsthat | made with the D-558-2 was a series of pull-ups at 200-
240 knots. Anyway, in a pull-up, when the airplane got to a pitch-up angle of attack,?
it would be interesting to see the position of the horizontal tail in the wing wakein a
pitch-up. | expect that when the pitch attitude of the airplane was such that the
downwash from the wing went over the horizontal tail, it pitched up quite sharply.
Well, at 220-240 knots, it wasn't too bad. But at maybe 280 knots, when | hit that
point, without my doing anything except pushing against the stick, the airplane
pitched up to astall and asnap roll. | had done alot of snap rollsin my life. It
wasn't any problem to pull out of asnap roll, but quite a surprise to be doing a pull-
up, and all of asudden the airplane’ s going out of control 2

| guessyou all know that in those days, most of our data was on an oscillo-
graph? that was about this wide [holds hands dightly apart]. And the distance from
the baseline to the location of the parameter was an indication of your speed, or
altitude, or stick force, or G force [acceleration equal to the force of gravity or a
multiple thereof], or al the various things that we were measuring. Sig Sjoberg® told
me when | was going to do this stall that was on the flight plan, “We'd like to see

2 The angle of attack (A0A) isthe relationship of the aircraft to the relativewind. At a45°
AOA, theaircraft is pointing 45° above the airstream.

2 Pitch up was violent at high speeds but was much milder at moderate speeds and not
noticeable at approach-to-stall speed.

ZIn the early years, an oscillograph recording system collected flight data on film for
processing by female “ computers’ into usable engineering data. In 1967 a more sophisticated
pulse code modulation system replaced the oscillograph. See Sheryll Goecke Powers, Women
in Flight Research at NASA Dryden Flight Research Center from 1946 to 1995 (Washington,
DC: NASA Monographsin Aerospace History #6, 1997), esp. pp. 12-14, 45-49.

2 An engineer at the NACA High-Speed Flight Station (later NASA Dryden Flight Research
Center).
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what happens with this airplane when we have the gear and the flaps down, and
we're at the end point of the stall approach.”

Well, this data point was alittle late in the flight, and | had gotten down to about
14,000 feet. The airplane never would go real high with just the jet engine. But
anyway, | got the gear and flaps down, slowly approached a stall, and pretty soon |
felt like things were getting pretty loose with this machine but no pitch-up was
noticeable. | thought: well, Sig wantsit really slow, so we'll keep on coming back
here. So | came on back to the point where the right wing dropped and the airplane
started yawing to the right. | thought it was about time to stop this and recover. But it
did maybe aturn of a spin. The airplane spin recovery characteristics were unsatis-
factory with the gear and the flaps down, so as | wasrolling into this wing dropping
and yawing, | was putting the gear and flaps up. | knew it wasn’t going to be long
until | was going to be going quite a bit faster than | was going then. But | got the
nose down, and got alittle speed up. And as soon as | had the nose down and the
speed up, why the airplane was flying — but | was in avery nearly vertical position.

| later checked the telemetering data, and determined that | did the stall at
14,000 and pulled out at 7,000 feet. Well, the |akebed was at 2,400 feet. | think from
then on, if | was going to do any stalls, I'd be at 20,000 feet. Walt Williams was
watching this from the lake. They drove the car out to be somewhere near where |
stopped when | landed. And he was looking at it with hisfield glasses. When it dlid
off into the spin, he handed the glasses to Joe Vensel® and he said, “Here— you
look!”

Another point about the D-558-1: | think the wing on the D-558-1 was about
150 square feet. And that made the stall speed alittle high in some cases. | know that
| was doing a clean configuration stall according to the flight plan. And | felt pretty
good at 150 [knots] indicated [airspeed]. At about 149, why | had dropped 1,000 feet.
And so things quit all of asudden. Asfar as the high speed part of it was concerned, |
flew | know at least three or four flights that went above Mach 0.97. We did several
runs from alower speed to that high nine-tenths with different stabilizer settings.
And this gave us a pretty good indication of some of this tucking that | was talking
about that went on with the P-38 and the P-51. However, | do remember some
buffeting and some trim changes, and things like that. But | felt like it was really a
pretty good airplane to fly up to near Mach 1. And | enjoyed flying the airplane. |
thought it was alot of fun.

| can't really think of any more things that are directly tied into the D-558
program. | do know that, as Dick said, in the X-1 it was a short shot. You'd get to
50,000 feet, and start down with four rockets, and maybe get up to Mach 1.2 at the
most. And near the end of that time, we'd do aroll or a pull-up, or some kind of
maneuver that would give them alittle more information about handling qualities at
those speeds. And it was not a very long time. Soon as the fuel was gone, you
jettisoned the residue. Then it was a no-power flight to the lake.

They were going to have amovie called Jet Pilot, and X-1 number one was

% A distinguished NACA and Navy pilot, Joe Vensel transferred from the NACA's Aircraft
Engine Research Laboratory in Cleveland, Ohio (later NASA’s Lewis Research Center), to the
not yet officially named NACA Muroc Flight Test Unit (later NASA’ s Dryden Flight Research
Center) as Chief of Flight Operationsin April 1947. He remained in the position until his
retirement in December 1966.
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going to be used for that. The crew came up from Los Angeles — the movie crew.
They were painting the airplane, and they had some talk about peopl€e’ s salaries. |
heard the salaries these guys were making in the movie crew, and it was more than |
was making. | thought: if I’m going to be up here flying this X-1, | ought to get a
little more money.

And | really don’'t know why. But it was just a few days after that that J.R. Clark
came from Chance Vought. And he offered me ajob that paid almost twice the salary,
and with the bonus program, | could maybe earn four times the salary | was making.
What he didn’t tell me was that in the various X models of the F7U Cutlass, they
crashed five airplanes and killed three pilots.? | didn’'t know that when | went to
work for Chance Vought. But when | got there, from some of the flying that | did, |
found out why. | worked for them for ayear, and | figured I'd like to see my kids
graduate from high school. So | went to work for the airlines.

| do think | probably have time to talk about one episode with this Chance
Vought Cutlass that tiesinto the “tuck” problem that we had with the P-38 and the P-
51. The F7U-1 was built with a hydraulic power control system. And if you had lost
complete hydraulic power, they had a spring tab system as a backup. It was a
mechanical system that could be used to recover the airplane if you lost al your
hydraulic pressure. The airplane would fly quite well on the spring tab system if you
weren't going fast.

So this was the bonus program | was on. | was supposed to see how fast the
airplane could go and still be recovered with the hydraulic control system shut off. |
made several practice runs where | shut off the hydraulic control system, but | didn’t
shut off the hydraulic power that opened the speed brakes. On the day that | was
working for this bonus program, there was going to be a complete hydraulic failure,
and | was going to have to open the speed brakes with a high-pressure air bottle.
Weéll, the airplane would only get to maybe 37,000 or 38,000 feet. And the higher |
went, the more money | was going to make. So | was trying for altitude for along
time.

At about 38,000 feet, | pointed to at least a 60-degree dive angle. And then by
29,000 feet | had slightly over Mach 1, and shut off the hydraulic system. | only had
three things to remember. And | think | should have had a checklist to remember
these three things. The first thing was to shut off the boost. The next one was to open
the speed brakes. Well, that was easy enough. | opened the speed brakes, and nothing
happened that | could tell. So instead of pulling back on the throttles, | started
thinking: what’ s the matter with these speed brakes? So | looked in the mirror, and
they were just open alittle bit. And about thistime | looked back in the cockpit, and |
was aready at 18,000 feet. And the thousand-foot needle was going around more
than once a second. | went from 33,000 to 13,000 feet in less than 20 seconds. But
instead of pulling the throttles back, | turned the boost back on. | was pulling about
90 pounds with one hand, and as the boost came on, | could easily have pulled the
wings off the airplane. But | relaxed that pressure back to about 45 pounds as the
airplane approached six Gs. | was aware that the airplane design parameters were six
Gs at 520 knots equivalent air speed, and | was doing 560. But without a G-meter, |

% The F7U Cutlass was aradical twin-jet, swept-wing, tailless jet fighter. Thoughiit did
deploy aboard Navy carriers (and was the first operational missile-armed Navy jet fighter), it
was not a great success and did not remain in service very long.
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thought | must be pulling six Gs.

It showed on the records after | got through that | had pulled between six and six
and a half Gsfor eight seconds, and missed the ground by less than 2,000 feet. So if
I"d have turned the boost on two seconds later, I’ d have hit the ground and made
probably the biggest hole that an F7U ever made. | was going 700 miles an hour at
12,000 feet. But that was a point where | thought there probably would be some pilot
that would pull the wings off. There might be another pilot that would have hit the
ground. And then again, there might have been a pilot that would have pulled the
throttles back and avoided all that excitement. [Laughter.]

ANOTHER SPEAKER: Did you get your money?

| got part of it. But it turned out that the Navy signed off on their structures and
their recovery with the boost shut off. They didn’t want any more tests. The airplane
had both fins bent and one rudder fluttered. And there was just ajagged piece on the
post that wasin thefin. | called the ground station and | said, “Well, CVA, thisis
Mike. I'm still here.” And | was pretty glad of that. And | said, “Both fins are bent,
and one rudder isgone.” And Martin Collis called up. He said, “Well, I'll come up
and have alook at it.” | said, “Looking at it isn’t going to do it any good. Just rig the
chain gear,? and I’ ll come down and land it there.” So that was really an uneventful
landing after getting the machine out of the dive.

But | did have several thoughts. Y ou see, thoughts run through your mind when
you're in atense situation sometimes. The first thought that went through my mind
after 18,000 feet was: what's Cleo going to do with those three little kids? And the
next thought | had, after | was pulling the Gs, was: | guess that engineer that de-
signed that control arm and that hinge point there sure must have done a good job of
designing the thing, because it’s still hanging on the airplane.

Well anyway, | think that any of you that know anything about physiology of G
forces — after three or four seconds of six Gs, most people will be at least grayed
out. By the time you get to near eight seconds, most will be unconscious. And | know
that | was till pulling the 40 pounds at the bottom of the dive. Because | was going
back up again. The canopy completely frosted over, going from 70 below zero to 80
degreesin the Texas areathere. And by the time | got back near 12,000 feet, |
thought: well, I'm going fast enough and high enough, and pulled the throttles back
so | could fly back to the base.

There is one other thing that maybe later on Scotty will talk about. | was really
wondering why there were so many high-altitude losses of control. | know alot of
pilots— Yeager did it twice, and [Capt. Arthur “Kit"] Murray did it once. And
Milburn Apt?® — that was probably an error in judgment that they sent him that high
and that fast on hisfirst flight. But as the years have gone by, we' ve gotten pretty

27 A runway arresting mechanism for stopping an airplane that might be damaged too seriously
to stop by normal braking.

2 Capt. Apt died on 27 Sept. 1956 after flying to Mach 3.2 in the rocket-powered X-2. The
aircraft went out of control due to predicted inertia roll coupling after he became the first pilot
to reach Mach 3. The rocket had burned longer than predicted, forcing the pilot into a
quandary. He had either to decelerate through Mach 2.4 as planned, in order to make a safe
turn but at a greater distance from the landing site than expected, or risk the predicted
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well into stability augmentation, and yaw dampers, and thrusters, and things like that
on airplanes. And my opinion about it is that maybe they should have done alittle of
thiswork alittle lower and alittle slower before they went up there and lost control.
But that’ s probably 20/20 hindsight.

HALLION: Most of you probably heard a strong sonic boom afew minutes ago.
That was atribute, by the way, that Ed Schneider told me that he was going to make
specifically for this symposium this afternoon. That was a Dryden F-18 flying
through Mach 1 in honor of the D-558-2, and the accomplishments of the D-558-2
and the D-558-1 in transonic and supersonic flight testing.

Now, we're going to start this afternoon much as we did this morning. I’m going
to give aquick overview on the D-558-2 program, and some of the work that was
undertaken there.

| mentioned this morning that as the D-558 program went along, we had a series
of two mock-up conferences. And at the second of those mock-up conferences,
which took place in August of 1945, the decision was reached to split the program,
so that we would have a Phase 1 that was a straight-wing aircraft and a Phase 2 that
was a swept-wing airplane. How did this come about?

Basically, there had been tremendous interest in the swept wing generating in
this country since the mid-1940s. In late 1944, you had had Robert T. Jones, an
aeronautical research engineer at the Langley Memoria Aeronautical Laboratory, as
the Langley Research Center was known in those days — who postul ated the notion
of the swept wing for transonic drag reduction, independently of German work. This
isan important point, because | think that there’ s a myth that we live with in aviation
history — and that is that we got the delta wing and the swept wing from Germany,
and that we were ignorant of these things until we had the chance to examine the
German aircraft industry. Nothing in point of fact could be further from the truth.
Both the swept wing and the delta wing were indigenous American devel opments.
And their history isavery interesting history.

In April of 1945, in fact, Jones undertook research studies on the swept-wing
configuration, at the behest of Theodore von Kéarman, who was an immigrant
Hungarian aeronautical scientist and the scientific advisor to the Army Air Forces?
And they put awind-tunnel model together — avery sharply swept model. And it
confirmed that the swept wing had very good aerodynamic characteristics— up in
the high supersonic range, to Mach 1.72. Thisis one of those classic problems |
mentioned earlier about tunnel testing. Y ou could get very good subsonic data, and

instability that caused his death. On this, see, e.g., Richard E. Day, Coupling Dynamicsin
Aircraft: AHistorical Perspective (Edwards, Calif.: NASA SP-532, 1997), pp. 10-13, Richard
Hallion, On the Frontier: Flight Research at Dryden, 1946-1981 (Washington, DC: NASA SP-
4303, 1984), pp. 76-78, and Lane E. Wallace, Flights of Discovery: 50 Years at the NASA
Dryden Flight Research Center (Washington, DC: NASA SP-4309, 1996), pp. 54, 181.

2 Von Karmén had been a student of the eminent fluid dynamicist Ludwig Prandtl at the
University of Gottingen and later rivaled his mentor in that field of study, which included
aerodynamics. He headed the Guggenheim Aeronautical Laboratory at the California Institute
of Technology before becoming the scientific advisor to the AAF. See Michael H. Gorn, The
Universal Man: Theodore von Kérman's Life in Aeronautics (Washington, DC: Smithsonian
Ingtitution Press, 1992).
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you could get very good supersonic data. But in that transonic region in between,
from about Mach 0.75 to about 1.25, the measurements were very suspect. Beyond
that, when they were dealing with this model at about the 1.5to 1.72 range, it
exhibited very good characteristics.

Number two D-558-2 Skyrocket being launched from a Navy P2B mothership. (NASA photo E-
2478).

In May of 1945, as part of the American industry’s effort to study the German
aircraft industry, L. Eugene Root and A.M.O. Smith, two individuals— as | men-
tioned this morning — who were intimately involved in the D-558 program, went to
Germany as part of the Naval technical mission to Europe — NAVTECHMISSEU,
asit was called. And they visited the, if you will, German Langley — the so-called
Aerodynamische Versuchsanstalt [aerodynamic research facility or test station]
outside Braunschweig. And they learned there of the tremendous range of work that
was going on in Germany on swept-wing development. This came, if you will, as
confirmation of their inclinations to pursue the swept wing. Root stayed on in
Europe. Smith returned to Douglasin early August. And to show how rapidly this
turned — as | mentioned, at the second mock-up conference on the D-558-2 which
was held in the middle of August (August 14-17), the decision was reached to go
ahead and launch a swept-wing variant of the airplane.

From the first photograph, you'll see that thiswas avery different beast. If you
compare this with the Skystreak, as we saw in cutaway this morning, this aircraft for
supersonic performance was to have arocket engine in the back end, a so-called
Reaction Motors 6000C4. That stood for 6,000 pounds of thrust from four thrust
chambers. We have an example of the engine here on stage. In fact, you see the
independent thrust chambers — each one of which gave you 25 percent thrust. And
that would be tucked in the tail cone of the airplane. Therefore, you couldn’'t have a
very large jet engine.

Fortunately Westinghouse, at the time, was devel oping afamily of axia flow
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turbojets — the model J30 and the model that would eventually become the J34. And
so the decision was reached to put a Westinghouse model 24, the predecessor of the
J34, in the belly of the aircraft as well, exiting under the tail cone. So thiswould be a
combined propulsion jet and rocket airplane. That greatly complicated, as you can
well imagine, the internal fuel capacity for the aircraft. In fact, the airplane operated
initially with three fuels. It operated with aliquid oxygen and water-alcohol mix for
the rocket engine. It operated with jet fuel for the J34. And it operated with hydrogen
peroxide to power the turbopump. So this was an airplane that was already getting
pretty exotic in most respects.

Kermit Van Every was the aerodynamicist who designed the configuration of the
D-588-2, working with Ed Heinemann. And if we take alook at this, it's an interest-
ing machine. It was intended for ground takeoff and landing. There was no desire yet
to air-launch this airplane. There was some thinking that maybe we'd go in that

Cutaway view of the D-558-2. (Photo provided by Tony Landis).

direction, but it was far off. The airplane was designed with anhedral on the wings.

In other words, they were angled downwards slightly. And they had reverse taper.
They had a 10 percent thickness:chord ratio at the root, and a 12 percent
thickness.chord ratio at the tip. Y ou had Handley Page leading edge slats on the
aircraft. You had wing fences, and the flaps of course.®* And it was a 35-degree swept
configuration which was relatively conservative in terms of the evolution of the
swept wing at that time. It was comparable in wing sweep to the F-86 then coming
along.

To ensure that the pilot had adequate control over the aircraft should it encounter
transonic difficulties — to prevent the drag divergence Mach number of the wing
and the tail being equal — they swept the horizontal tail surfaces at 40 degrees. And
it also had afully adjustable horizontal stabilizer, just like the X-1. The load limit on
the airplane was lower than the D-558-1. Instead of the 18 G ultimate load, it had a
12 G ultimate load. It had a7.33 G limit load, which was consistent with military
fighter design practice at the time.

When the aircraft was originally designed, it had an X-1 style nose configura-
tion. Y ou had a smooth ogival body shape and a flush canopy. The cockpit, as with

% Sats were long, narrow auxiliary airfoils affixed to the leading edges of the wings to
increase lift at high angles of attack. Fences were stationary plates or vanes projecting from
the upper surfaces of the wings, substantially parallel to the airstream. They were used to
prevent spanwise airflow detachment over the wing.
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the D-558-1, was a confining little space. Now the first airplane flew on February 4,
1948, with Johnny [John F.] Martin at the controls. He was a Douglas test pilot of
distinction, more noted for hiswork in attack-bomber and transport flying than high-
performance aircraft flying. But a couple of deficiencies became visible pretty
quickly. One of them was a very annoying Dutch Roll oscillation that resulted in
Douglas eventually increasing the height and the area of the vertical fin.®* And also,
the visibility from that cockpit was pretty horrible. So the airplane was modified to
have basically a Skystreak-like high-speed canopy.

It was about a Mach 0.85 airplane, straight and level on jet engine only. Very
underpowered, but that would be expected, given the small Westinghouse engine.

Let’s go back about ten yearsto 1938. If we think of 1938 and the Navy’s
leading fighter in 1938, it's the externally braced Grumman F3F biplane — 250
mile-an-hour maximum speed. A decade later, we have aMach 2 aircraft flying. It's
not at Mach 2. It won’t be at Mach 2 for another five years. But that is how rapidly
the technological change istaking place. That isthe radical transformation that we're
seeing in aviation technology at that time.

Y ou know, we speak today of the fact the computational power is doubling every
18 months with computers. And that is obviously extraordinary. But if you look at
this— in its own way, in avery hard-core/hard-technology sense, thisis an equiva-
lent revolution that we see taking place in terms of the profound impact it’s having.

Now there were severa difficulties operating the D-558-2 in itsinitial configura-
tion. | mentioned that it was severely underpowered. This, of course, greatly compli-
cated flight safety. It had some rather dangerous takeoff characteristics. Typically, it
would take off with four JATO bottles strapped to the airplane to give it an additional
kick in the rear on takeoff. Takeoff rolls were very, very excessive. These kinds of
problems, particularly also the problem then of operating it with arocket engine and
very volatile rocket propellants at some point, caused people to begin thinking more
and more about both safety and performance advantages of operating it asan air-
launched airplane.

On 24 May 1949, we had the first NACA flight in the D-558-2 number 2 by Bob
Champine. It was gtill ajet-only program. This was the aircraft then, which Bob and
John flew briefly before it was returned to Douglas for modification to air launch —
all-rocket air-launch configuration — in January 1950. But in this brief six-month
period of flying — as John and Bob both alluded to in their presentations — it flew
extensively on early swept-wing pitch-up investigations. The first pitch-up encounter
was by Bob on 8 August 1949. It was a pitch-up, in afour G turn at 0.6 Mach
number, to six G. John Griffith then, on 1 November 1949, encountered one that was
more interesting. Severe pitch-up, asnap roll, and then alow-speed pitch-up, and a
departure [from straight and level flight] in turn that was eroding rapidly into a spin.

In June 1949, the D-558-2 number three, which became NACA 145, made the
first supersonic flight using both jet and rocket propulsion. Gene May, Douglas pilot,
remarked, “The flight got glassy smooth — quite the smoothest flying | had ever
known.” | think that was an indication right there that the airplane was going to be
pretty successful as a supersonic research airplane.

% Dutch Roll is acomplex oscillating motion of an aircraft involving rolling, yawing, and
sideslipping. It takes its name from its resemblance to the characteristic rhythm of anice
skater.
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In September 1949, Hugh Dryden, who was the NACA'’s Director of Research,®
recommended to the Navy that the D-558-2 be modified for air launching. Why?
Three reasons — safety, performance, and research. The research attributes were that
you could now compare the performance of a 10-percent swept-wing aircraft over
the same speed range as the straight-wing 10-percent NACA XS-1. And you could
compare the conventional airfoil cross-section of the D-558-2's swept wing with the
unconventional airfoil cross-section of the Bell XS-2, which used aradical so-called
bi-convex section that was then under development. That was good enough for the
Navy.

On November 25, they added an amendment to the contract to modify the
number two and the number three aircraft to air-launching. The number two would
be an al-rocket airplane. The number three would retain its jet and rocket engine.
The Navy had asmall fleet of B-29s for avariety of test purposes — anti-submarine
warfare research, things like this. And so a B-29, or asthe Navy designated it, a P2B-
1S, was set aside as the launch aircraft for the D-558-2.

We had thefirst air-launch of a D-558-2 on September 8, 1950 — Bill
Bridgeman in the number three airplane. And then you had the first NACA flight in
this particular aircraft, beginning the NACA’ s supersonic air-launch research
program with the Skyrocket on December 22 of that same year with Scott Crossfield.

The real attention was focused less on the number three airplane, which of
course was both jet- and rocket-propelled and became amaid of all work. The real
attention was focused on the most glamorous of the Skyrockets, and certainly the one
that has become the most famous to us, and that was, of course, the all-rocket
number two airplane, which is now hanging in the Smithsonian Institution. This
airplane, which received the call sign of NACA 144, had greatly increased fuel
tankage over the jet-and-rocket Skyrocket. It could carry 345 gallons of liquid
oxygen, and 378 gallons of water-alcohol.

If we take alook at the Douglas contract and the program on this aircraft which
began in 1951, we see some interesting things and some very interesting highlights.
We had the inadvertent first flight on 26 January 1951. This was a case where there
was a fuel-pressure drop. Bill Bridgeman called to George Jansen, his launch pilot,
and said, “Don’'t drop me, George.” And George Jansen, his finger mashed down on
the transmit button, kept intoning the countdown. Bridgeman was launched saying,
“Damnit, George. | told you not to drop me.” And the chase pilot, who was Pete
Everest in an F-86, said, “ Y ou’ ve got some keen friends, Bridgeman.”* That’ s one of
my favorite stories. Bridgeman recovered very adroitly, and went up to Mach 1.28 in
the airplane. He noted a decrease in elevator effectiveness above Mach 1. That, |
suspect, didn’t come as too much of a surprise.

On May 18 — just to give you some highlights — he reached Mach 1.72 at
62,000 feet, 1,130 miles an hour, making the Skyrocket the world’ s fastest airplane.
In June 1951, he extended this to 1.85 Mach number, 1,220 miles an hour, but
experienced some very violent rolling — 80 degrees a second — causing him to

% That year he assumed the title, Director, rather than just Director of Research. See Michael
H. Gorn, Hugh L. Dryden’'s Career in Aviation and Space (Washington, DC: NASA Mono-
graphsin Aerospace History #5, 1996), p. 9.

3 Quotations in Hallion, Supersonic Flight, p. 164.
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prematurely terminate the rocket flight with over 50 seconds of rocket fuel remain-
ing. The problem here was, as he was going to very low pushover load factors, the
airplane was becoming increasingly unstable. Bridgeman assessed this very well.
And on August 7, 1951 he reached Mach 1.88 safely, using ahigher .6t0.8 G
pushover, as opposed to the .25 pushover load factor that he had used on his earlier
flight.

Douglas then turned to the potential of the aircraft to exceed the world' s atitude
record, which was held by the balloon Explorer |1, going back to 1935 — a 72,395
foot record. Bridgeman on 15 August 1951, reached 79,494 feet, making the Sky-
rocket both the world' s fastest and highest airplane. | think thisis atremendous
tribute to Bridgeman as a pilot, and to Ed Heinemann as the designer of the aircraft.
The airplane, in fact, when you took alook at it, had some significantly better
performance than its designers had predicted. In fact, its supersonic drag was
actually less than what people predicted at the time.
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D-558-2 number two returning from a research flight with an F-86 flying behind it as a chase
aircraft. (NASA photo E-3996).

If we take alook at a couple of classic photos from this period, Bridgeman
developed avery close association and friendship with Chuck Y eager, who flew alot
of the F-86 chase missions. And thisis avery evocative photograph, | think, of the
D-558-2, drifting down from aresearch flight with Y eager in the F-86, speed brakes
deployed, coming down behind him.

Now, for the NACA'’s part: you know, if 1951 was the time in which Douglas
was exploring the high-speed realm with the all-rocket number two airplane, the
NACA's part — working on the D-558-2 number three — began basically what
would become atwo-year program here. And Scotty will certainly be talking about
this, and Stan as well, involving basic aircraft handling qualities and evaluation of
various flap, fence, and leading edge devices on the aircraft.

In 1952 and 1953, the NACA shifted to examining the high supersonic behavior
of the D-558-2 number two. We have here, | think, another evocative photograph.
Thisis 144 in its prime on the lakebed. And you can see how futuristic it really



looks. And these were really Scotty’s glory days in the Skyrocket. Some highlights
here: August 5, 1953, he reached Mach 1.878; August 21, the Navy borrowed the
airplane for some high atitude and high speed flights. It was hoping — frankly — to
break Mach 2. It didn’t happen. Marine test pilot (Lt. Col.) Marion Carl nevertheless
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D-558-2 number two on the lakebed. (NASA photo E-1441).

distinguished himself. On 21 August, 1953 he reached 83,235 feet, an unofficial
world' s altitude record. On 14 October, 1953, Scotty reached Mach 1.96. The
airplane had boosted performance at this time, due to a rocket nozzle extension onit.

And at this point, the High-Speed Flight Research Station now requested and got
Hugh Dryden’s permission to attempt Mach 2. Herman Ankenbruck devised the
flight plan. Scotty would basically climb to 72,000 feet, do a pushover, and reach
Mach 2 in ashallow dive. The plane was extraordinarily prepped for this. Scotty will
go into that in much more detail than | will. And on 20 November 1953, as | think
we're al aware, he reached over Mach 2 — 1,291 miles an hour at 62,000 feet — the
first Mach 2 flight, which was a tremendous accomplishment — both reflecting on
Scotty’ s ahilities as an airplane driver and the design of the airplane. Thiswas
undoubtedly the high point of the D-558 program.

We have to recognize that alot of people made this thing come together. 1'd like
to talk about some of these. These are the P2B aswell as D-558 crewmen. And, of
course, supporting these people were folks here at the Center on the ground — the
maintenance staff you know. The test pilot in this process is merely a singularity, so
to speak — the tip of the spear. But that spear is forged and wielded by a great
number of other people.

Now if we take alook at the twilight yearsin the Skyrocket program from 1954
through 1956, the last flight taking place on December 20, 1956, by Jack McKay —
and we have Jack’s son John with ustoday. If we take alook at it, these were not
years in which things went necessarily very smoothly, although they were undoubt-
edly extremely productive.

Stan Butchart, Neil Armstrong, and Jack McKay had avery up-close and



personal encounter with a near disaster in 1956 that | think Stan will be giving us a
great deal more information on — when they had the number four engine run away
with them, shed its prop, and do some serious damage to the launch aircraft, and
indeed pass right through the space where a few seconds before Jack McKay had
been in the D-558-2 before it was jettisoned in an emergency. That was about the
most dangerous moment, | think, in the entire D-558-2 test program.

We had then the fruition of work on the D-558-2 number three's pitch-up
investigations, which resulted in some experimental design changes to the airplane,
some of which were quite promising, but which didn’t pay off. We had, for example,
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the effort to explore behavior with leading edge slats open. And indeed, fully open
slats did work to agreat degree. They eliminated pitch-up, except between 0.8 and
0.85 Mach number. However, surprisingly, a sawtooth leading-edge extension from
which much was expected actually, in Scotty’ s views, aggravated the pitch-up
problem significantly. And so it proved of no value whatsoever.

A little-known aspect of the D-558 program is that after going through this
pitch-up program, it embarked on a number of investigations of external stores,
looking at the drag of external stores on aircraft at transonic and supersonic speeds.®
Now, thisis extremely significant work. Because if we think about the Mark (MKk.)
80 family of stores— the Mk. 82, the Mk. 84, other bomb shapes, drop tank shapes
— that we live with today, that basically is an outgrowth of the D-558 program. The
D-558 took these shapes, which were experimentally developed by Douglas, and
refined them to the point now that we could operate strike aircraft at long distances
with streamlined stores with significantly less drag than the kind of clunky bomb
shapes and tank shapes we were operating with that were basically holdovers from
the World War 11 and immediately post-World War 11 era. The Mk. 80 store shape,
which was applied generically then to awhole family of shapes for both tanks and
bombs, was really quite a remarkable accomplishment. And the D-558 played arole
init, both here for bomb shapes, and for tank shapes as well.

At this point, I’d like to terminate my little presentation on the raw history, if

%“Stores” were such things as external fuel tanks or bombs.
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you will, of the D-558-2. And we will move from this point on to discussion of
actually operating the D-558-2 aircraft. So at this point, I'm going to introduce our
two very distinguished personalities that we have here this afternoon to talk about
these: Scott Crossfield and Stan Butchart. So, Stan — first we'll start with you.

Stan, of course, was out here for a number of years. He retired from Drydenin
1976, after a 25-year career in research aviation. Born in New Orleans, 1922. Served
asanaval aviator in World War I1. Graduated from the University of Washington
with a Bachelor of Science Degree in Mechanical and Aeronautical Engineering in
1950. In fact, Stan and Scotty were in the same Guggenheim Aeronautical School at
the University of Washington. And Stan began his career with the NACA in 1951, a
year after Scotty.

His experimental flight career included piloting the X-4, the X-5, both the
Skystreak and the Skyrocket. He flew the B-29 that launched the X-1A, and then the
B-29 — the P2B-1S — that launched the D-558-2. They’re obviously not the same
B-29. And aso then flew the KC-135 tanker out here, and the F-100A.

D-558-2 number three with a bomb shape under its wing. (NASA photo E-1161).

But there're a couple of other things about Stan that | think we need to mention.
I’'m sure alot of you are aware that one of his best buddiesin all the world from
Torpedo-Bomber Air Group VT-51 on the San Jacinto back in World War 1| wasa
fellow by the name of George Bush, who went on to bigger and better things. Had
Stan profited from that wise counsel and followed a different career path, think of
how different the world might be today!

Stan has another distinction that | just learned about last night. And | got to
thinking about this. It sreally quite interesting. Stan flew the Grumman Avenger,
which was a big, hefty torpedo bomber. It was called the TBF when it was built by
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Grumman. Grumman couldn’t meet the Navy’ s requirements for mass production of
the aircraft. It concentrated instead on fighters. And so most of the Avengers were
built by General Motors and were called TBMs. It was amaid of all work for the
Navy — did some tremendous work — anti-submarine patrol, attacks on islands, did
alot of basically 500-pound bombing, things like that. In other words, it served
primarily in roles other than what it was originally intended for, flying as a torpedo
bomber.

Well, Stan is one of the very few people who not only learned to drop torpedoes,
as he was becoming a naval aviator and proficient in operating the Avenger. But he
actually dropped atorp in combat. In fact, he dropped four of them, | believe. And
one of these was against the Japanese carrier Zuikaku (which was one of the six that
struck Pearl Harbor in 1941) during the Battle of the Philippine Sea. And he'stoo
modest to state with certainty that he got a hit on it. But it absorbed several torpedo
hitsin the Battle of the Philippine Sea. And I’m certainly willing, for the record, to
accord him credit for it. So, Stan, you played arolein avenging Pearl Harbor. And |
think we all owe you atip of the hat for that.

Now I'd like to introduce also a very good friend, Scott Crossfield — alegend-
ary figure in aviation certainly, and an individual that | have afond affection for. And
I'll explain why alittle bit later.

Scotty joined the NACA in June 1950. If we take alook at the roster of airplanes
he flew, it’'s sort of awho’swho and awhat’s what of research airplanes — the X-1,
the X-4, the X-5, the XF-92A, the D-558-1 and 2. He had 87 rocket flightsin the X-1
and the D-558-2 aircraft, plus 12 flightsin the D-558-2 on jet power only. He flew a
number of modified service a